Original Article

Comparative Efficacy of Multiplane Force Application and
Ischemic Compression on Masticatory Muscles:
A Randomized Controlled Trial
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Objective: To compare the immediate effect between the multiplane force application (MFA) and ischemic compression (IC)
techniques on pain alteration and the activity of masticatory muscles.

Materials and Methods: Eighty-six participants who had latent myofascial trigger points (LTrPs) in either masseter or temporalis
muscle, from 18 to 60 years of age, were recruited into this study. Participants were randomly assigned into two groups. Group I
(n = 43) received the MFA technique, whereas group II (n = 43) received the IC technique. In each group, the muscles with LTrPs
were treated for 30 min. Outcome measures including pressure pain threshold (PPT) and resting muscle activity were assessed at
pre-treatment and post-treatment. Significant differences of selected outcomes within groups were analyzed by paired t-test To
compare the differences between groups, an independent t-test was used.

Results: PPT of masseter and anterior temporalis muscles were increased and the resting muscle activity was reduced significantly
at the post-treatment period (p<0.001) in both IC and MFA groups. There was no significant difference in changes in PPTs and
resting EMG between both techniques (p>0.05).

Conclusion: The two methods have similar efficiency for increasing PPT and reducing resting activity of the masseter and anterior
temporalis muscles.
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Temporomandibular disorder (TMD) is a group of
complex chronic disorder which involves pain or adysfunction
of the temporomandibular joint and/or masticatory muscles(".
Due to the complexity of its pathophysiology, different
treatment modalities are used by a multidisciplinary team
such as dentists, orthodontists, psychologists, physicians,
and physical therapists®.

Many procedures in physical therapy including
ultrasound, thermotherapy (heat and cold), massage, exercise,
and manual therapy have been used to treat TMD in
order to reduce pain, increase flexibility, and improve
temporomandibular joint functions®. Although physical
therapy is effective and commonly used in treating TMD,
none of the techniques could be referred as standard treatment
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due to a small number of randomized controlled trials®.

IC is a commonly used technique in the
management of TMD, especially for trigger point release.
The technique is performed by sustained compression at the
myofascial trigger points, usually for 60 to 90 seconds
in each point®. Vernon and Schneider reported that IC could
relieve pain at the trigger point in patients with myofascial
pain syndrome®. Moreover, IC could improve blood
circulation and increase tissue flexibility”®. Pain is
usually reported as the adverse effect of IC due to its
sustained force application. Therefore, therapists should be
careful when using IC in small muscles, such as masticatory
muscles.

The multiplane force application (MFA) was
developed by Boonprakob and coworkers based on the
tensegrity principle, which is described transmission forces
on multiple layers of myofascial components®!). With this
technique, physical therapists apply cyclic compression,
tension, and shearing forces, respectively. The force is
applied gently to the muscle tissue around the trigger point.
In this study, we investigated whether MFA could be used
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in treating latent trigger point pain in masticatory muscles.
Changes in pain pressure threshold and resting muscle
activity were investigated in both MFA and IC techniques.

Objective

The objective of the study was to compare the
immediate effect of MFA and IC techniques on pain alteration
and the resting activity of masticatory muscles in healthy
participants.

Design and setting

This study was a double-blinded, randomized
controlled trial (blinded assessor and participants) which
was conducted in the Orofacial Pain Clinic, Faculty of
Dentistry, Khon Kaen University. Ethical approval for the
study was granted by the Khon Kaen University Ethics
Committee (HE582205). The study was registered in the
Thai Clinical Trials Registry (TCTR20180121002).

Study subjects

Eighty-six healthy participants were recruited in
this study. Inclusion criteria were participants (1) aged from
18 to 60 years, (2) presented with latent myofascial trigger
points (LTrPs) of masseter and anterior temporalis muscles
The presence of LTrPs was determined using the diagnostic
criteria described by Simons and coworkers!'?, and (3) with
previous history of masticatory muscle pain. Exclusion
criteria were participants with (1) degenerative TMJ diseases
(2) history of traumatic injury or accident at the cervical
spine or TMJ (e.g. contusion, fracture, and whiplash injury)
within six months prior to participation, (3) prior surgery at
the cervical spine or TMJ, (4) neurological disorders of head
and neck (e.g. trigeminal neuralgia), (5) fibromyalgia and (6)
cancer.

Materials and Methods

Participants were randomly allocated to MFA or
IC groups using a computer-generated false-random-number
method. Participants in group I were treated with MFA
technique (n = 43) whereas those in group II were treated
with IC technique (n = 43). Both techniques were applied at
the most painful LTrPs on the affected muscles. During each
procedure, the masseter muscle was treated first for 15
minutes followed by the anterior temporalis muscle for
another 15 minutes. This study was a double blind randomized
controlled trial study (RCT), which the assessor and
participants were blinded. The assessor and therapist were
different persons.

MFA group

The therapist fixed the origin or insertion point of
the affected muscle with one hand and the other hand was
used to apply the therapeutic loading, including compression,
tension, and shearing, respectively. The cyclic loading was
applied ‘around’ the LTrPs in a pain free manner. The duration
of treatment was 30 minutes (90 seconds/set and 9 sets/
triggered point) (Figure 1).
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IC group

The therapist applied sustained compression at
the LTrPs with the thumb within the pain tolerance level.
The duration of force application ‘in’ each triggered point
was 90 seconds for 9 sets/point319 (Figure 2). To control
the force, a FlexiForce® sensor (FSR402 sensor (Force Sensing
Resistor® Technology, USA) was attached to the therapist’s
thumb (Figure 3) and connected to the data acquisition system
(MP100, Biopac Systems, Goleta, CA, USA) for force
display. The initial force was maintained and increased
gradually. The amount of force was limited to 3 kg/cm?'? in
order to prevent adverse effect including pain or inflammation.

Outcome measures

Pain alteration was assessed by pressure pain
threshold (PPT). The resting activity of masseter and anterior
temporalis muscles was also measured in the jaw’s rest

Figure 1. MFA technique on a) masseter and b)

anterior temporalis muscles.

Figure 2. ICtechnique on a) masseter and b) anterior

temporalis muscles.

Figure 3. A force sensor is fastened to the therapist’s

thumb.
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position using surface electromyography. Both outcome
measures were assessed at baseline and after treatment
immediately. The details of the measurements were described
below.

PPT

PPT was measured by a digital algometer (Wagner
Force One™Model FDIX; wagner Instruments, Greenwich,
CT, USA), with a force range between 0 to 10 kg, to assess
the most painful trigger point. PPT measurement was
expressed in kg/cm?. During the assessment, the participant
was in a supine position. The most painful trigger point in
each muscle was located and marked with a non-permanent
marker™®. The measurement was repeated three times by the
same assessor.

Resting muscle activity

The skin over the affected side of the anterior
temporalis and masseter muscles were prepared to reduce
inter-electrode impedance and increase the signal-to-noise
ratio by rubbing the skin with a 70% alcohol solution. Silver-
silver chloride (Ag/AgCl) electrodes (Duotrode, Myotronics,
Kent, WA, USA) with a center-to-center inter-electrode
distance of 19 mm were placed at the central part of the
muscles, parallel to the muscular fibers. A ground electrode
was placed over the participant’s forehead. Snap leads
were used to connect the surface electrodes to the EMG
amplifier (EMG100; Biopac Systems, Goleta, CA, USA). A
signal acquisition unit (MP 100; Biopac Systems, Goleta,
CA, USA) and an acquisition software (Acknowledge 1.0)
were used to record the resting EMG signals. The sampling
rate was 1,000 Hz with a signal amplification of 1,000.
The common mode rejection ratio was 110 dB and the
frequency bandwidth was 10 to 500 Hz. The raw EMG
signal was rectified and smoothed to obtain integrated
EMG.

For all participants, the activities of the anterior
temporalis and masseter muscles were recorded in the rest
position in an air-conditioned room (25°C). The participants
were in supine position with their mouth open to 1 cm in
order to relax jaw closing muscles®”. Resting EMG signals
were recorded for 2 minutes and a 20-second window of the
integrated EMG signal was chosen from the middle part of
the whole record for analysis.

Table 1. Demographic data of participants

Sample size

Sample size was calculated by utilizing the values
of PPT from the study of Kim et al®). Mean difference of
the PPT between the two groups was set at 1.74 kg/cm?. The
significance level of 5% and the power of the test of 80%
were used in the calculation. According to the calculation, the
required participants were 86.

Statistical analysis

The outcome measures were analyzed and
presented as mean + standard deviation (SD) for the
continuous variables and percentage for the category variables.
A paired t-test was used to compare the outcome variables
between baseline and post-treatment. To compare the
differences between groups, an independent t-test was used.
The analyses were performed using SPSS version 17 (IBM,
Armonk, NY, USA), p<0.05 was considered statistically
significant.

Results

Of'the 86 participants with LTrPs, 72 were females
(83.7%) and 14 were males (16.3%). The MFA group
consisted of 37 females and 6 males with a mean age of
33.8+11.3 years while the IC group consisted of 35 females
and 8 males with a mean age of 34.2+12.6 years. The baseline
characteristics were equally balanced between the two
groups and showed no statistically significant differences
between groups (p>0.05). The demographic data of the
outcome measurements at baseline are summarized in
Table 1 and 2, respectively.

Effect of MFA and IC on all outcomes

The baseline and post-treatment PPT and resting
muscle activity showed a significant difference (p<0.001),
indicating a significant increase in pain threshold level and
a reduction of resting muscle activity for both groups
(Table 3). The comparison between groups showed no
significant difference of both outcomes in the PPT and resting
EMG (p>0.05; Table 4).

Discussion

This study is the first research to prove the efficacy
of MFA on the latent trigger point which is a novel form of
manual therapy. Its effective procedure for improving PPT

Characteristics MFA group (n = 43) IC group (n =43) p-value
Female, n (%) 37 (86.1) 35(81.4) 0.18
Age (yr), mean + SD 33.8+11.3 34.2+12.6 0.88
Weight (kg), mean + SD 60.6+10.9 58.3+10.1 0.31
Height (cm), mean + SD 158.9+17.6 161.449.3 0.40
LTrP in right side, n (%) 23 (53.5) 19 (44.9) 0.19
Right-handed participants, n (%) 38 (88.4) 36 (83.7) 0.53

MFA = multiplane force application technique; IC = ischemic compression technique
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Table 2. Outcome variables measurement at baseline

Characteristics MFA group (n = 43) IC group (n =43) p-value
PPT, kg/cm?
MA 0.82+0.23 0.81+0.23 0.71
AT 0.79+0.24 0.91+0.28 0.06
Resting EMG, uv
MA 0.39+0.08 0.41+0.10 0.64
AT 0.69+0.12 0.70+0.10 0.92

MA = masseter muscle, AT = anterior temporalis, PPT = pressure pain threshold

Table 3. Comparison of PPT and resting activity of masseter and anterior temporalis muscles between baseline and
post-treatments in MFA and IC groups

Outcomes MFA p-value Mean difference IC p-value Mean difference
(n=43) (95% CI) (n=43) (95% CI)
PPT, kg/cm?
MA, mean + SD
Baseline 0.82+0.23 0.001* 0.49 0.81+0.23 0.001* 0.46
Post-treatment 1.31+0.50 (0.36 to0 0.60) 1.27+0.41 (0.35t0 0.57)
AT, mean + SD
Baseline 0.79+0.24 0.001* 0.57 0.91+0.28 0.001* 0.45
Post-treatment 1.36+0.64 (0.37 t0 0.75) 1.36+0.43 (0.33 t0 0.56)
Resting activity, v
MA
Baseline 0.39+0.08 0.001* 0.07 0.41+0.10 0.001* 0.07
Post-treatment 0.32+0.09 (0.05 to 0.09) 0.34+0.10 (0.05 to 0.08)
AT, mean + SD
Baseline 0.69+0.12 0.001* 0.04 0.70+0.10 0.001* 0.06
Post-treatment 0.65+0.11 (0.03 to0 0.05) 0.64+0.08 (0.04 to0 0.07)

MA = masseter muscle, AT = anterior temporalis, PPT = pressure pain threshold
p<0.05 or * = statistically significant differences from pre-treatment

Table 4. Comparison of PPT and resting activity of masseter and anterior temporalis muscles between MFA and IC

groups immediately after treatment

Outcomes MFA vs. IC groups
Mean difference 95% CI p-value

PPT, kg/cm?

MA 0.04 -1.38 t0 1.70 0.07

AT 0.00 -0.24 to 0.33 0.97
Resting activity, @V

MA 0.02 -0.05t00.03 0.47

AT 0.01 -0.02 to 0.06 0.38

MA = masseter muscle, AT = anterior temporalis, MFA = multiplane force application technique, IC = ischemic compression technique,
PPT = pressure pain threshold

and reducing the resting activity of masticatory muscles when  that MFA and IC might be used interchangeably. IC techniques

compare with IC.

The effect of MFA and IC techniques on PPT

used a static compression on the trigger point whereas MFA
relied on a sequence of compression, tension, and shearing
force around the trigger point. It has been shown that the

The present study demonstrated that both MFA  myofascial trigger point could be relieved by manual
and IC techniques could similarly increase PPT, suggesting  therapy®??, such as strain-counter-strain, myofascial release,
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and western massage techniques. Manual therapy can
improve blood circulation, relieve pain, and increase mouth
opening in patients with TMD"72%, Various theories have
been proposed to explain the effect of manual therapy on
pain reduction including gate control theory® and descending
inhibitory pathway®>29.

According to the gate control theory, the force
used during MFA might stimulate large-diameter myelinated
nerve fibers and suppress pain transmission. The comfortable
touch might also trigger stimulate the descending
pathway and induce releasing of endogenous opioid mediators
for pain reduction®?72%). Previous studies showed the
placebo effect of touch which could reduce pain similar to
manual therapy®-3?. In addition, the cyclic nature of force
application in MFA might also improve the perfusion of
muscle spindles®?, resulting in the removal of inflammatory
mediators®®.

IC produces temporary local ischemia and follow
by reactive hyperemia and increase blood circulation after
released pressure('?, leading to relief pain and reduces muscle
spasm®. A previous study showed a similar effect of IC and
passive stretching on pain reduction of myofascial trigger
points of the trapezius muscle in patients with myofascial
pain syndrome®.

The effect of MFA and IC techniques on resting muscle
activity

The resting muscle activity could be used to
monitor muscle hypertonicity in patients with TMD®®, It is
also used for assessment of muscle pain indirectly®’3?. In
this study, the resting muscle activity could be supported
VAS and PPT for pain assessment. Hypertonicity of
masticatory muscles at rest was shown in masticatory muscle
pain“*4), Resting muscle activity could also reflect muscle
relaxation and has been shown to be reduced after manual
therapy. The current study found that resting activity of the
affected muscle was reduced significantly compared to
baseline both in MFA and IC groups. The reduction of resting
muscle activity found in this study ranged from 5.8 to 17.9%
which was comparable to the effect of occlusal splint in
patients with sleep bruxism reported by Amorim et al®®.
According to the energy crisis theory, the persistence of
MTrPs is associated with low blood oxygen at the trigger
point which disturbs the relaxation phase of muscle
physiology!*". MFA and IC techniques may enhance blood
flow and encourage muscle relaxation at the trigger point.
Increasing the oxygen supply is believed to enhance aerobic
respiration in muscular tissue. Relaxation of the trigger point
nodule enables blood flow to the tissue. This allows for
increased substrate perfusion and oxygen delivery to skeletal
muscle to meet the cellular energy demands required to regain
homeostasis®+).

This study is carried out in limited the effectiveness
of MFA technique in musculoskeletal problem such as TMDs
patients. Moreover, there are not assessing the short and
long term effect of these treatments. So, it needs further
studies to emphasize the findings.
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Conclusion

In patients with latent muscle trigger points,
MFA and IC were similarly effective for pain reduction and
possibly decreasing hypertonicity of masticatory muscles.
Therefore, both types of manual therapy could be applied
interchangeably. However, MFA seemed to be preferable
since the technique did not provoke muscle pain during the
manipulation.

Whatis already known on this topic?

This is the comparative study of therapeutic effect
between the multiplane force application (MFA) technique
and ischemic compression (IC) technique on masticatory
muscles in healthy participants. The results could be
concluded as follows:

1) MFA and IC can increase pressure pain threshold
similarly on latent trigger points of massester and temporalis
muscles.

2) MFA and IC can decrease muscle activity of
massester and temporalis muscles similarly using by sSEMG.

What this study adds?

The aims to compare the therapeutic effect between
the multiplane force application (MFA) technique and
ischemic compression (IC) technique on masticatory muscles
in healthy participants.
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